Aims. Within the framework of the Herschel M 33 extended survey HerM33es and in combination with multi-wavelength data we study the Spectral Energy Distribution (SED) of a set of H ii regions in the Local Group Galaxy M 33 as a function of the morphology. We analyse the emission distribution in regions with different morphologies and present models to infer the Hα Emission Measure observed for H ii regions with well defined morphology. Methods. We present a catalogue of 119 H ii regions morphologically classified: 9 filled, 47 mixed, 36 shell, and 27 clear shell H ii regions. For each object we extract the photometry at twelve available wavelength bands, covering a wide wavelength range from FUV-1516 Å (GALEX) to IR-250 µm (Herschel) and we obtain the SED for each object. We also obtain emission line profiles in vertical and horizontal directions across the regions to study the location of the stellar, ionised gas, and dust components. We construct a simple geometrical model for the clear shell regions, whose properties allow us to infer the electron density of these regions. Results. We find trends for the SEDs related to the morphology of the regions, showing that the star and gas-dust configuration affects the ratios of the emission in different bands. The mixed and filled regions show higher emission at 24 µm, corresponding to warm dust, than the shells and clear shells. This could be due to the proximity of the dust to the stellar clusters in the case of filled and mixed regions. The far-IR peak for shells and clear shells seems to be located towards longer wavelengths, indicating that the dust is colder for this type of objects.The logarithmic 100 µm/70 µm ratio for filled and mixed regions remains constant over one order of magnitude in Hα and FUV surface brightness, while the shells and clear shells exhibit a wider range of values of almost two orders of magnitude. We derive dust masses and dust temperatures for each H ii region fitting the individual SEDs with dust models proposed in the literature. The derived dust mass range is between 10 2 − 10 4 M and the cold dust temperature spans T cold ∼ 12 − 27 K. The spherical geometrical model proposed for the Hα clear shells is confirmed by the emission profile obtained from the observations and is used to infer the electron density within the envelope: the typical electron density is 0.7 ± 0.3 cm −3 , while filled regions can reach values two to five times higher.
Introduction
The interstellar regions of hydrogen ionised by massive stars are normally called H ii regions. The classical view of an H ii region is a sphere of ionised gas whose radius is obtained by the balance between the number of ionisation and recombination processes occurring in the gas. In a general picture the H ii region components are the central ionising stars, a bulk of ionised gas which can be mixed with interstellar dust, and a photodissociation region (PDR) surrounding the ionised gas cloud and tracing the boundaries between the H ii region and the molecular cloud (e.g. Osterbrock & Ferland 2006) .
The properties of H ii regions can be described by the nature of the stellar population which ionises the gas and the physical conditions of the interstellar medium (ISM) where the stars are formed. Based on these two aspects we find H ii regions with a broad range of luminosities, shapes and sizes: from small single-ionised regions to large complexes of knots of star formation intertwined with ionised gas filling the gaps between knots. Therefore, the morphology of the regions, described by the appearance in Hα images, can vary significantly from small concentrated Hα distributions to more diffuse shell-like structures.
The physical properties of H ii regions have been extensively studied observationally using Hα images -in order to obtain luminosity functions, mean electron density, and radii (e.g. Kennicutt 1984; Shields 1990 )-, optical spectroscopy -to obtain electron density and temperature, metallicity, and extinction (e.g. McCall et al. 1985; Vílchez et al. 1988; -, or broad-band images that allows us to study the content of their stellar population (e.g. Grossi et al. 2010) . All the different approaches can be combined to gain a better general picture of H ii regions.
Since the recent launch of the Spitzer telescope, a new wavelength window has been opened to analyse the physical properties of H ii regions. Numerous observational studies have been performed in nearby H ii regions where the spatial resolution of the Spitzer data allows us to differentiate between the emission distribution of the Polycyclic Aromatic Hydrocarbons (PAH) features, described by the 8 µm Spitzer band and the emission of very small grains (VSG) given by the 24 µm Spitzer band (among others, for Galactic H ii regions, Watson et al. 2008; Paladini et al. 2012 , for the Large Magellanic Cloud, Meixner et al. 2006; Churchwell et al. 2006 , and for H ii regions in M 33, Relaño & Kennicutt 2009; Verley et al. 2009; Martínez-Galarza et al. 2012) . Churchwell et al. (2006) reveals the existence of 322 partial and close ring bubbles in the Milky Way using infrared images from Spitzer and they argue that the bubbles are formed in general by hot young stars in massive star-forming regions. In M33, Boulesteix et al. (1974) presented a catalogue of 369 H ii regions over the whole disk of the galaxy and showed the existence of some ring-like H ii regions in the outer parts of the disk. These authors proposed that these regions are late stages in the life of the expanding ionised regions. HI observations of M 33 (Deul & den Hartog 1990) reveal the existence of HI holes over the disk of the galaxy: the small (diameters < 500 pc) HI holes correlate well with OB associations and to a lesser extent with H ii regions; however, the large holes (diameters > 500 pc) show an anti-correlation with H ii regions and OB associations. Expanding ionised Hα shells have been found in a significant fraction of the H ii region population in late-type galaxies . This can be interpreted in terms of an evolutionary scenario where the precursors of the HI holes would be the expanding ionised Hα shells (Relaño et al. 2007 , and see also Walch et al. 2012) .
The high-resolution data from Herschel instrument (Pilbratt et al. 2010 ) cover a new IR wavelength range that has not been available until now. The combination of data from UV (GALEX) to IR (Herschel) offers us a unique opportunity to study the SEDs of H ii regions with the widest wavelength range up to now. Using new Herschel observations, recent studies of a set of Galactic H ii regions with shell morphology have been already performed (Anderson et al. 2012; Paladini et al. 2012) . Within the Key Project HerM33es , a set of H ii regions has been recently shown in the north part of M 33 to have an IR emission distribution in the Herschel bands that clearly follows the shell structure described by the Hα emission (Verley et al. 2010 ). While there is no emission in the 24 µm band in these regions, cool dust emitting in the 250, 350, and 500 µm is observed around the Hα ring structure. The 24 µm emission distribution for these objects is very different from the distribution presented in large H ii complexes where a spatial correlation between the emission in the 24 µm band and Hα emission has been observed (e.g. Verley et al. 2007; Relaño & Kennicutt 2009 ).
Recently, a study on the star-forming regions in the Magellanic Clouds has analysed the relation of the amount of flux at the different wavelengths using SED analysis (Lawton et al. 2010 ). These authors found that the H ii region SEDs peak at 70 µm and obtained a total-IR (TIR) luminosity from the SED analysis for each H ii region. Unfortunately this study does not cover the optical and ultraviolet (UV) part of the spectrum which is crucial to study the amount of stellar radiation that can heat the dust.
We study here the dust emission distribution as well as the dust physical properties in a large sample of H ii regions in M 33 looking for trends with morphology. M 33, one of the disk galaxies in the Local Group with a significant amount of star formation, is the most suitable object to perform such as multiwavelength study. The spatial resolution for the bands covering from UV (GALEX) to IR (Herschel, Key project HerM33es, Kramer et al. 2010 ) allows us to study the interior of the H ii regions in this galaxy and to extract the SED of individual objects. The analysis will help us to better understand the interplay between star formation and dust in different H ii region types.
The paper is organised as follows. In Sect. 2 we present the data we use here, from UV (GALEX) to Far-IR (FIR) (Herschel). Sect. 3 is devoted to explain the methodology applied to select and classify the H ii region sample and to obtain the photometry of the objects. In Sect. 4 we present the SEDs for each H ii region and extract conclusions on the SED trends related to the morphology of the objects, and in Sect. 5 we study the physical properties of the dust for H ii regions with different morphology. Sect. 6 is devoted to analyse the emission distribution of each band within the individual regions and to derive the electron density for a set of the regions with different morphology. In Sect. 7 we discuss the results, and in Sect. 8 we present a summary of the main conclusions of this paper.
The data
In this section we describe the multi-wavelength data set that has been compiled for this study. A summary of all the images used here, along with their angular resolutions is given in Table 1 .
Far and near ultraviolet images
To investigate the continuum UV emission of M 33, we use the data from GALEX (Martin et al. 2005) , in particular the data distributed by de Paz et al. (2007) . A description of GALEX observations in far-UV (FUV, 1350 (FUV, -1750 and near-UV (NUV, 1750 (NUV, -2750 relative to M 33 and of the data reduction and calibration procedure can be found in Thilker et al. (2005) . The angular resolution of these images are 4. 4 and 5. 4 for FUV and NUV respectively.
Hα images
To trace the ionised gas, we use the narrow-line Hα image of M 33 obtained by Greenawalt (1998) . The reduction process, using standard IRAF 1 procedures to subtract the continuum emission, is described in detail in Hoopes & Walterbos (2000) . The total field of view of the image is 1.75 × 1.75 deg 2 (2048 × 2048 pixels with a pixel scale of 2. 03) with a 6. 6 resolution.
The Hα image from the "Survey of Local Group Galaxies" (Massey et al. 2006 ) is used here to check for the existence of shells and to revise the morphological classification (see Section 3.1), as it has a much better angular resolution (0. 8) and pixel scale (0. 27). Unfortunately, this image is saturated in the central parts of the most luminous H ii regions, therefore the photometry has been extracted from the Hα image by Hoopes & Walterbos (2000) .
Infrared images
Dust emission can be investigated through the mid-IR (MIR) and FIR data of M 33 obtained with the Spitzer Infrared Array Camera (IRAC) and Multiband Imaging Photometer (MIPS) (Werner et al. 2004; Fazio et al. 2004; Rieke et al. 2004 ). The complete set of IRAC (3.6, 4.5, 5.8, and 8.0 µm) and MIPS (24, 70, and 160 µm) images of M 33 is described in Verley et al. (2007 Verley et al. ( , 2009 : the Mopex software (Makovoz & Khan 2005 ) was used to gather and reduce the Basic Calibrated Data (BCD). We chose a common pixel size equal to 1. 2 for all images. The images were background subtracted, as explained in Verley et al. (2007) . The spatial resolutions measured on the images are 2. 5, 2. 9, 3. 0, 3. 0, for IRAC 3.6, 4.5, 5.8, 8.0 µm, respectively; and 6. 3, 16. 0, and 40. 0 for MIPS 24, 70 , and 160 µm, respectively. The complete field-of-view observed by Spitzer is very large and allows us to achieve high redundancy and a complete picture of the star-forming disk of M 33, despite its relatively large extension on the sky. The Herschel observations of M 33 were carried out in January 2010, covering a field of 1.36 square degrees. PACS (100 and 160 µm) and SPIRE (250, 350, and 500 µm) were obtained in parallel mode with a scanning speed of 20 s −1 . The PACS reduction has been performed using the map-making software Scanamorphos (Roussel 2012) as described in Boquien et al. (2011) . The SPIRE reduction has been done using the Herschel Data Processing System (HIPE, Ott 2010 and the maps were created using a "naive" mapping projection (Verley et al. 2010; Boquien et al. 2011; Xilouris et al. 2012) . The spatial resolution of the Herschel data are: 7. 7 and 11. 2 for PACS 100 µm and 160 µm and 21. 2, 27. 2, and 46. 0 for 250 µm, 350 µm, and 500 µm, respectively. Due to the significant improvement in spatial resolution of the PACS images, we use here the PACS 100 µm and 160 µm images rather than the MIPS 70 µm and 160 µm.
Methodology
In this section we explain how the sample of H ii regions is selected and how we perform the photometry that allow us to obtain the SED for each object.
Sample of H ii regions
We visually select a sample of H ii regions and classify them fulfilling the following criteria: filled regions are objects showing a compact knot of emission, mixed regions are those presenting several compact knots and filamentary structures joining the different knots, and shells are regions showing arcs in the form of a shell. We add another classification for the special case where we see complete and closed shells, these objects are called clear shells. We use the Hα image from Hoopes & Walterbos (2000) to perform the selection of the regions and the morphological classification. In a further step, we check for the classification with the high-resolution Hα image of Massey et al. (2006) . From the 119 selected H ii regions, 9 are filled, 47 are mixed, 36 are shell, and 27 are clear shell H ii regions.
In Fig. 1 we show the continuum-subtracted Hα image and the location of our H ii region sample. A colour code was used to show the different morphological classes: blue, green, yellow, and red stand for filled, mixed, shell, and clear shell H ii regions, respectively. An example of H ii regions for each morphology can be seen in Fig. 2 , and the WCS coordinates, aperture size and classification are presented in Table B .1.
The H ii region sample is by no means complete, as we chose a set of objects isolated enough to distinguish morphology. Therefore, we do not attempt to derive any results based on the completeness of the H ii region population of the galaxy, we rather infer conclusions from the comparison of the SED behaviour of H ii regions with different Hα morphologies. Our sample of H ii regions presents common objects with previous M 33 source catalogues given in the literature. Using a tolerance of 120 pc, the 119 sources of the present study overlap with 45 H ii regions in Hodge et al. (1999) , 7 star clusters in Chandar et al. (2001) , 16 star clusters in Grossi et al. (2010) , 67 sources selected at 24 µm Verley et al. (2007) and 38 Giant Molecular Clouds in Gratier et al. (2012) . The main location difference with Hodge et al. (1999) and Verley et al. (2007) is that the present study have more objects towards the outskirts of the galaxy as we are selecting isolated H ii regions for which clear morphological classification can be carried out. The star clusters in common with Grossi et al. (2010) show ages between 1.5 and 15 Myr. In Fig. 3 we show the Hα (left) and 24 µm (right) luminosity distribution of our sample. The luminosities spans a range of more than 2 orders of magnitude in Hα and 24 µm bands. The covered luminosity range of our sample is typical of H ii regions of spiral galaxies (e.g. Rozas et al. 1996) .
We defined the photometric apertures for each H ii region using the Hα image from Hoopes & Walterbos (2000) in order to include the total emission of the region. We also compared these apertures with the 24 µm image to ensure that the emission in this band was also included in the selected aperture. It is important to note that the selection of the H ii regions have been made in a visual way, choosing those that are isolated and have clear morphology. Therefore, the photometric aperture size is in some way arbitrary and defines what we think is an H ii region showing one of the morphological types analysed in this study. The selected photometric apertures should not be confused with the actual sizes of the H ii regions. A histogram of the aperture radii of the classified H ii regions is shown in Fig. 4 . There is a relation between the photometric aperture size and the morphology of the regions: while most filled regions have radii smaller than ∼150 pc, the mixed are larger, followed by the shells with radii up to 250 pc. Clear shell regions have much larger radii, up to 270 pc. The large mixed H ii region with 280 pc radii is the largest star-forming region in M 33, NGC 604. Hoopes & Walterbos (2000) . The radii of the regions correspond to the aperture radii used to obtain the photometry. Colour code is as follows: filled (blue), mixed (green), shell (yellow) and clear shell (red) regions. There is a relation between the location of the regions on the galaxy disk and the morphological classification. Most of the clear shells are seen in the outer parts of the galaxy (see e.g. the north and west outer parts of Fig. 1 ). However, in order to check whether we are biased by the crowding effects near the centre of the galaxy while defining our sample, we created a set of 10 fake shells with different radii and luminosities in our Hα image and redid the morphological classification. We were able to recover only 1 of the fake inserted shells. This simple exercise shows that our selection has been done to create a clear defined classification to study the trends of the SED with the morphology, rather than to attempt a study of the complete H ii region population of M 33.
Photometry
Due to the spatial resolutions and pixel scales of the different images, we perform some technical steps before obtaining the photometry of the regions in each band. We first subtract the sky level in each image when this task was not originally done by the instrument pipelines. Since the angular resolution of the SPIRE 350 and 500 µm maps are 27. 2 and 46. 0, respectively, we decide to discard them and use the SPIRE 250 µm as our reference map, degrading all the other maps of our set to a resolution of 21. 2, the SPIRE 250 µm spatial resolution. Keeping a final resolution to better than 21. 2 is important in this project since we want to be able to disentangle the structure of shells, which would disappear if we degrade our maps to a worse resolution. We also register our set of images to the SPIRE 250 µm image, with a final pixel size of 6.0 . Although we still could perform an analysis of the SEDs without the 250 µm data, the flux at this band is necessary in order to estimate the dust mass and dust temperature for the individual H ii regions (see Section 5).
The photometry has been performed with the IRAF task phot. The total flux within the visually defined aperture of each source is measured in all the bands. In order to eliminate the contribution of the diffuse medium to the measured fluxes, we subtract a local background value for each region. The local background is defined as the mode value of the pixels within a ring whose inner radii is located 5 pixels away from the circular aperture and with a 5 pixels width. The mode is obtained after rejecting all the pixels with values higher than 2 times the standard deviation value within the sky ring. We choose different widths and inner radii to define the sky annulus and find differences in the sky values of ∼5-20%. The regions with absolute fluxes lower than their errors are assigned an upper limit of 3 times the estimated uncertainty in the flux. Those regions with negative fluxes showing absolute values higher than the corresponding errors are discarded from the study. In Table B .2 we show the fluxes for each band together with the corresponding errors.
Spectral Energy Distributions
We obtain the SEDs for each H ii region in our sample. The result is shown in Fig. 5 , in left panel we represent the total flux versus the wavelength, and in right panel we show the surface brightness (SB). The regions corresponding to each morphology are colour coded: blue, green, yellow, and red correspond to filled, mixed, shell, and clear shell, respectively. The thicker lines correspond to the SEDs obtained using the median values at each band for all the H ii regions in each morphological sample. When calculating the median value at each band, the upper limit fluxes (see Section 3.2) were discarded.
Several trends can be seen in these figures showing the different behaviour between the filled-mixed H ii regions and the shell-like objects. The H ii regions classified as mixed are the most luminous in all bands, which reflects that these H ii regions are formed by several knots of Hα emission and correspond to large H ii region complexes (see left panel of Fig. 5 ). However, in the right panel of Fig. 5 we see that the filled and mixed regions are the ones with higher SB. Interestingly, the IR flux for filled, shells, and clear shells are very similar but the SB of the shells and clear shells is lower than SB of filled and mixed regions. This could be interpreted by a pure geometrical argument due to the fact that shells and clear shells cover a larger area than filled regions. As the fluxes between the filled, shell and clear shell regions is very similar (left panel of Fig. 5 ), but the SBs change (filled and mixed regions show similar SB, while the shells and clear shells show lower SB than the filled and mixed ones, see right panel of Fig. 5 ), we suggest that the filled regions could be the previous stages of the shell and clear shell objects. The explanation is the following: the total flux would be conserved in all the regions but when the region ages and expands the SB lowers (as it is happening for the shells and clear shells). Mixed regions would also fit in this picture as they are typically formed by several filled regions: their total flux should be higher than the filled regions, but the SB should be the same as the filled regions.
Another interesting point that the SB SEDs show is the low SB at 24 µm for shells and clear shells (right panel of Fig. 5 ): the mixed and filled regions show higher emission of hot dust than the shells and clear shells, which may be due to the proximity of the dust to the power sources in the filled and mixed regions. Besides, the slightly steeper slopes for the shells and clear shells between 24 µm and 70 µm implies that the relative fraction of cold and hot dust could be higher for shells and clear shells than for filled and mixed regions.
The SED trends in the IR part of the spectrum are emphasised when we normalise the SEDs to the 24 µm fluxes (left panel of Fig. 6 ). Filled and mixed regions follow the same pattern and have the similar normalised fluxes in the MIPS, PACS and SPIRE bands, while shells and clear shells have in general higher fluxes for these bands. In the right panel of Fig. 6 we show the SED normalised to the FUV flux from GALEX. Filled regions show the highest FIR fluxes in this normalisation. This shows that in the filled regions the dust is so close to the central stars that it is very efficiently heated, while shells and clear shells present less fluxes in this normalisation because the dust is in general distributed further away from the central stars. Also, in right panel of Fig. 6 we see that the FIR peak for shells and clear shells seems to be located towards longer wavelengths, indicating that the dust is colder for this type of object. In a sample of 16 Galactic H ii regions Paladini et al. (2012) found that the SED peak of the H ii regions is located at ∼70 µm, while the SEDs obtained with larger apertures including the PDR peak at ∼160 µm. Indeed the SEDs of shells and clear shells might include a higher fraction of PDR, and therefore shifting the peak towards longer wavelengths. In a study of the SEDs for a set of H ii regions in the Magellanic Clouds Lawton et al. (2010) also concluded that most of the SEDs peaks around 70 µm. Here we show that the peak of the IR SEDs is closer to the 100 µm band than to the 70 µm one. The behaviour of the SED in the IR part of the spectrum will be studied in more detail in section 5.2.
Dust physical properties
In this section we apply models from Draine & Li (2007) (hereafter DL07) to study the contribution of the interstellar radiation field (ISRF) to the heating of dust for each H ii region type and to estimate the dust mass for each individual H ii region.
Analysis of the stellar radiation field
The ratio of the surface brightness in different IR bands may bring information about the dust properties. We devote this section to study the properties of the dust for our objects and to investigate possible relations between the dust properties and the region morphologies. To compare the emission of the dust in the IR bands we subtract the stellar emission in the 8 µm and 24 µm bands. We use the 3.6 µm image and the prescription given by Helou et al. (2004) to obtain a pure dust (non-stellar) emission at 8 µm (F ns ν (8µm)) and at 24 µm (F
DL07 suggest three ratios to describe the properties of the dust (see Eq. 3, 4, and 5). In these equations, 1) P 8 corresponds to the emission of the PAHs and 2) P 24 traces the thermal hot dust. These quantities are normalised to the νF ν (71µm)+νF ν (160µm), which is a proxy of the total dust luminosity in high intensity radiation fields.
3) The ratio R 71 is sensitive to the temperature of the dust grains dominating the FIR, and therefore is an indicator of the intensity of the starlight heating the dust.
In Fig. 7 we show Hα (left) and FUV (right) SB versus P 24 for H ii regions with different morphology. In these figures blue represents filled regions, green mixed ones, and red stands for shells and clear shells. P 24 seems to correlate with the SB(Hα) better than with SB(FUV). This seems plausible as P 24 traces the hot dust, which is related to a younger stellar population and therefore with Hα emission. However an extinction effect which is higher for FUV than for Hα might be also affecting both diagrams. The mixed regions (green points) occupy the topright part of the diagram in left panel, corresponding to higher SB(Hα) and higher P 24 , while the shells and clear shells (red points) show low values of SB(Hα) and P 24 .
In order to better understand how the dust behaves in regions of different morphology we have applied DL07's models to our set of H ii regions. DL07's models reproduce the emission of the dust exposed to a range of stellar radiation fields. The models separate the emission contribution of the dust in the diffuse ISM, heated by a general diffuse radiation field 2 (U min ), from the emission of the dust close to young massive stars, where the stellar radiation field (U max ) is much more intense. The term (1 − γ) is the fraction of the dust mass exposed to a diffuse interstellar radiation field, U min , while γ would be the corresponding fraction for dust mass exposed to U max . The models are parameterized by q PAH , the fraction of dust mass in the form of PAHs, along with U min , U max , and γ.
In Fig. 8 we show P 24 (top) and P 8 (bottom) versus R 71 with models from DL07 over-plotted. The right column shows the models with a fraction of dust mass in PAHs, q PAH , of 4.6%, while in the left column the fraction is 0.47%. The fraction q PAH =4.6% represents a low limit for our data: most of the regions show a higher PAH fraction than 4.6% (see bottomright panel of Fig. 8 ). Since there are no DL07 models with q PAH >4.6%, a comparison with our data for higher PAH fraction cannot be carried out and we will proceed the comparison using a fraction of dust mass of 4.6% (see section 5.3).
In Fig. 8 (top-right) we show P 24 versus R 71 for q PAH =4.6%. The plot shows that a typical fraction of a maximum of ∼6% (i. e. values of γ less than 0.06) of the radiation field heating the dust in the shells and clear shells corresponds to young stars. There are some regions showing higher fraction of radiation field heating the dust due to young stars (values of γ higher than 0.10), these are mixed or filled regions. This would shows the effect of the relative location of the dust and stars in heating the dust: in filled regions the ionised gas and the dust is very close to the stars that can heat the dust, while in the shells the gas and the dust are located further away from the stars. In the last case the stars are less able to heat the dust located at further distances, while in the former case the stars are more efficient to heat the dust located nearby. Therefore, due to the dust-gas and stars configuration, a low fraction of radiation field coming from young stars is expected to heat the dust in regions with shell morphology. Besides, the shell and clear shell regions have larger radii and therefore they extend in general over a larger area in the disk than filled regions (see Fig. 4 ), and therefore they can be affected by a higher fraction of general diffuse radiation field.
The mixed regions and the majority of filled regions can be well described by a relative constrained value of U min ∼0.5-2 (see Fig. 8, top-right) showing that the radiation field coming from the diffuse part of the galaxy, corresponding to an older stellar population, is low for these regions. However, for shell and clear shell regions when we move down in the diagram (corresponding to lower values of gamma and therefore higher fractions of radiation field coming from the diffuse medium) we see a spread in the distribution of data. The explanation for this spread for the shell and clear shell regions is that these low luminosity objects are very affected by the conditions of the ISRF in their surroundings.
We would like to mention here that the comparison of DL07 dust models with the observations of our set of H ii regions presented here is merely qualitative. Our intention is to find general differences in the dust heating mechanisms in each classification that can help us in order to perform a more detailed study for each individual region. Detailed models of individual H ii regions with different morphology are in progress (Relaño et al. 2013, in preparation) .
2 The values given here for the radiation field are scaled to the interstellar radiation field for the solar neighbourhood estimated by Mathis et al. (1983) , u (MMP83) ν . The specific energy density of the star is taken to be u ν = Uu (MMP83) ν with U a dimensionless scaling factor.
Using the plots in Fig. 8 we are also able to constrain the fraction of the total radiation field corresponding to the old stellar population of the galaxy disk. We find an upper limit of U min =5. For the case of the radiation field coming from young stars (U max ) the constraint cannot be applied as the models are degenerated for values higher than U max ∼ 10 6 − 10 7 . The behaviour of the P 24 versus R 71 diagram is expected as M 33 is a galaxy with a moderate SFR (∼0.5 M yr −1 Verley et al. 2009 ). For a more passive galaxy with a lower SFR we would have data in the lower part of Fig. 8 (top-right) and lower U max would be needed to explain the data, while for a starburst galaxy higher values of U max would be required.
Morphology and dust colour temperature
The dust temperature can be estimated using the ratio of bands close to the peak of the IR SED. The ratios 100 µm/70 µm, 160 µm/70 µm, or 100 µm/160 µm usually trace the temperature of the warm dust emitting from 24 µm to 160 µm, while the cold dust is traced by wavelengths larger than 160 µm. With the new window opened by the Herschel observations the temperature of the cold dust can be estimated using 250 µm/350 µm and 350 µm/500 µm ratios (e.g. Bendo et al. 2012) . In a sample of disk galaxies, Bendo et al. (2012) found that the 70 µm/160 µm ratio for individual locations across the galaxy disk shows a correlation with Hα emission: 70 µm/160 µm ratio is increasing at high Hα surface brightness. A similar result was shown in Boquien et al. (2010 Boquien et al. ( , 2011 for star-forming regions and for individual locations within the disk of M 33, respectively. This would indicate that at more intense radiation fields the dust would be hotter, which would be the case if the radiation coming from the stars within the H ii regions would be the dominant factor to take into account when describing the heating of the warm dust. However, at low Hα surface brightness a higher dispersion in the correlation is found, showing that in this regime other mechanisms besides the radiation coming from the stars would be affecting the heating of the warm dust.
In Fig. 9 we show the logarithmic 100 µm/70 µm ratio versus the logarithmic Hα (left) and FUV (right) surface brightness. In general, the same correlation as the one found by Bendo et al. (2012) and Boquien et al. (2010 Boquien et al. ( , 2011 ) is seen in these figures. However, the logarithmic 100 µm/70 µm ratio remains constant for filled (blue points) and mixed (green) regions over one order of magnitude in surface brightness, and therefore, the warm dust temperature tends to be constant for filled and mixed H ii regions. For shells and clear shells the logarithmic 100 µm/70 µm ratio shows a wider range of values of almost two orders of magnitude. This could mean that for filled and mixed objects the dust is so close to the stars within the regions that it is very efficiently heated and reaches a very well defined, narrow range of temperature, independently of the radiation field intensity. For shells and clear shells, other parameters may affect the dust heating mechanism. It could probably be the location of the dust relative to the stars or the evolutionary state of the stellar population within the region that may lead to a dispersion in the correlation at low intensity radiation fields.
Dust mass
We estimate the dust mass for the H ii regions fitting DL07 models to the SED of each individual H ii region. Since the combination of radiation fields suggested by DL07 does not seem to represent well the radiation field heating the dust within the q PAH =4.6% Fig. 8 . P 24 (top) and P 8 (bottom) versus R 71 for DL07 dust models with q PAH = 0.47% (left column) and 4.6% (right column). A value of U max = 10 6 U has been considered for all models. Colour code: red corresponds to shells and clear shells, blue to filled and green to mixed regions. individual H ii regions (see Fig. 8 ), we have decided to use a single radiation field U to describe the stellar field of the region. The PAH fraction was fixed to the highest value provided by the models, q PAH =4.6%. We only use bands with wavelengths longer than 8 µm, as the PAH features, traced by IRAC 3.6 µm-8 µm, do not have strong influence in the derivation of the dust mass (see Aniano et al. 2012 ). Since we are interested in deriving the dust mass and compare it with the dust temperature traced by 250 µm/160 µm ratio, we only fitted the H ii regions with reliable fluxes in the 160 µm and 250 µm bands (see section 3.2).
In Fig. 10 we show some examples of the fit performed to the individual H ii regions. In general the models fit relatively well even the IRAC bands that were not included in the fit procedure. We find dust masses in the range of 10 2 − 10 4 M (see Fig. 11 ), which are consistent with dust mass estimates of the most luminous H ii regions in other galaxies using DL07 models (NGC 6822, Galametz et al. 2010 ). The dust masses derived here correspond to the total dust mass included within the aperture chosen to extract the photometry. At the spatial resolution provided by Herschel data we can not infer whether the dust is completely or partially mixed with the ionised gas within the region.
In Fig. 11 we show the logarithmic 250 µm/160 µm ratio versus the dust mass for our H ii region sample. The logarithmic 250 µm/160 µm ratios are within the range -0.5 to 0.5, which corresponds to a dust temperature range of 10-30 K (see Eq. 6 in Galametz et al. 2012 ). This range of dust temperature agrees with the range of temperatures shown in the map of M33 in Braine et al. (2010) and derived using the 350 µm/250 µm ratio and a modified blackbody fit. The range also agrees with the estimates of the cold dust temperature provided by Xilouris et al. (2012) for individual locations in M33 and by Paladini et al. (2012) for Galactic H ii regions using a combination of two modified blackbodies describing the warm and cold dust temperature. Using 250 µm/160 µm as an estimator of the dust temperature we show in Fig. 11 that the shell and clear shell regions (red data points) tend to have lower dust temperature than the filled and mixed regions (blue and green data points). In Table B .3 we show the dust mass derived for each H ii region with reliable 250 µm and 160 µm fluxes. We also present an estimate of the dust temperature provided by the models using the relation given in Galametz et al. (2012) : T cold (K) = 17.5 × U 1/6 min , where in our case U min corresponds to the single radiation field, U, used in the fit. The cold dust temperature is within the range of T cold ∼ 12 − 27 K.
Multi-wavelength profiles of Hα shells
We analyse the observed distribution of the multi-wavelength emission along the observed profiles (subsect. 6.1), we propose a three-dimensional model for the clear shells which is validated by the distribution of the Hα emission in the envelope (subsect. 6.2), and finally, based on this geometrical model, we are able to estimate the electron density (subsect. 6.3) in the envelope of the shells and compare it with the electron density measured in filled regions.
Profile analysis
We perform a multi-wavelength study of the emission distribution in the H ii regions in each morphological classification. The idea is to look for trends in the spatial distribution of the emis- Region 76 (Mixed) ment with the vertical scale length of 300 pc obtained for the ionised gas disk from a Fourier analysis by Combes et al. (2012) . Indeed, Combes et al. (2012) found that the ionised gas lies in a layer thicker than stellar (≈50 pc) or neutral gaseous (≈100 pc) disks. The Fourier transform analysis results in one single mean value for the break scale at a given wavelength, but it is probable that the flaring of the ionised gas disk confines the ionised gas in a thinner layer towards the centre of the galaxy and in a thicker layer towards the outskirts. Through a wavelet analysis of the Hα map of M 33, Tabatabaei et al. (2007) found that shells can be as large as 500 pc. This is in agreement with our study and this could explain why the shells and clear shells, as a mean, could reach larger radii at large galactocentric radius. This confirms the trends, larger H ii region radii with respect to the distance from the M 33 nucleus, shown by Boulesteix et al. (1974) .
In the lower panels of Figs. A.1 and A.2 we show the dust emission distribution in the shells. The emission at all IR bands follows clearly the Hα shape of the shell: at 24 µm and 250 µm the emission decays in the centre of the shell and it is clearly enhanced at the boundaries (see Fig. A.2) . The same trend is seen for 70 µm, 100 µm, and 160 µm but not as clear as for 24 µm and 250 µm emissions. The emission of the old stars (3.6 µm and 4.5 µm) follows in general a different distribution with their maxima generally displaced from the Hα maxima (see middle panel of Fig. A.1 ). The emission of the PAH at 8 µm is marked by the location of the shell boundaries.
The emission distribution at all wavelengths (FUV/NUV and dust emission) for the filled shells follows quite clearly the Hα emission. The typical sizes of the filled regions are 20 , corresponding to the spatial resolution. However, we know that these are filled H ii regions and not shells as the classification was checked with the high-resolution Hα images of Local Group Galaxies Survey (Massey et al. 2006) . The Hα emission line profiles show the same functional form as those modelled by Draine (2011) assuming that the radiation pressure is acting on the gas and dust within the H ii region. Draine (2011) parameterises the existence of the cavity depending on the value of Q o n rms , the number of ionising photons times the electron density of the region. The fact that we already see the cavities in the Hα emission line profiles at values of Q o n rms much lower than model predictions shows that the radiation pressure is not the only effect acting here, as it is the case of the Galactic H ii region N49 (Draine 2011) . figure; the width of the shell is not represented for sake of clarity). The projection of the shell on the sky will always appear as circular, independently of the galaxy inclination (represented by the circle projected on the plane on the sky, between the observer and the modelled shell). The density profile obtained by collecting the light through a slit placed in front of the circular projection and encompassing its centre is also represented (see the projected 2D profile in the bottom of the figure, placed here also for sake of clarity).
Geometrical models of clear shells
Most of the shells and clear shells which can be observed in M 33 appear as circular in projection onto the plan of the sky while the galaxy presents an inclination of 56
• (Regan & Vogel 1994) . Using a simple geometrical argument, one can infer that their geometrical shape, in three dimension, is spherical: if this was not the case, one would expect the projection to depend from shell to shell and that statistically, most of the shells would appear in projection as ellipses or any other form dependent on the particular conditions of the shell and its surrounding ISM.
Following this assumption, we tried to reproduce one of the clearest shells in our sample, lying away from the grand design structures of the galaxy which may add noise to the data by artificially increase or decrease some background emission and break the symmetry. We constructed our model in order to reproduce as closely as possible the Clear shell 1, located in the northern part of the galaxy, at about 6-7 kpc from the M 33 centre. The Hα horizontal profile of this shell is presented in Fig. A.1 (upper left  panel) . The data shows that the maxima of the Hα emission are located at a radius of about 120 pc from the centre of the shell and that the width of the shell is about 60 pc. Pure geometry (see Fig. 12 ), in the optically thin limit, tells us that the locations of the maxima (about 120 pc in this example) would trace the inner boundary limit of the shell while the outer boundary is given by the full width of the two horns (a radius of about 180 pc in the present case).
In order to test this hypothesis, we performed simple geometrical models, beginning with the simplest assumption: an empty sphere bounded by a spherical shell of constant width and density. The profile of constant density is shown in Fig. 13 , left profile, in grey. The centre of the envelope is set at a radius of 150 pc from the centre of the shell and its full width is 60 pc. In the optically thin case, the profile obtained by a slit placed in front the centre of the shell is shown in the upper panel of Fig. 14 , where the profile has been normalised to its maximum intensity. The first striking result is how well this very simple model reproduces the main features observed in the data (see the upper panel of Fig. A.1) . In particular, the central dip feature, a decrease of roughly 50% with respect to the peaks, seen in the model is also seen in all the shells and clear shells in our catalogues. This is a direct consequence of the spherical assumption for the geometry of the shell and envelope, and it is the first time that this has been proved on such an amount of shells and clear shells.
Nevertheless, this first result shows that the assumption of a constant density profile is only an approximation. Indeed, the two horns of the profile show very steep departures at the locations of the outer boundaries of the envelope, as well as very sharp turnarounds at the maxima, i.e. the location of the inner boundary of the envelope. Both features are due to the discrete form of the function used for the constant density profile. In order reproduce more physical shells, these very sharp edges for the envelope need to be smoothed. For instance, a density profile following a Gaussian (normal) distribution could be more appropriate and realistic. This Gaussian function reads:
where parameter µ is the mean (location of the peak, at a radius of 150 pc from the centre of the shell) and σ, 15 pc, is the standard deviation (i.e. a measure of the full-width at half-maximum of the distribution is FWHM = 2 √ 2 ln 2 σ ≈ 35 pc). The central (blue) profile in Fig. 13 shows its density distribution. The profile obtained by a slit placed in front the centre of the shell is shown in the middle panel of Fig. 14 . Qualitatively, the observed profile is similar to the previous one but the profile looks more like the real one, showing a smoother distribution. However, in the profile obtained from the data, the outer boundaries of the envelope still appear less sharp, displaying two very well marked wings which are not well reproduced by the Gaussian density distribution.
In order to reproduce this feature, while keeping the smooth profile obtained with the Gaussian density profile, we can use a Cauchy-Lorentz distribution, which reads:
where x 0 is the location parameter, specifying the location of the peak of the distribution (a radius of 150 pc from the centre of the shell), and γ is the scale parameter which specifies the half-width at half-maximum (i.e. 15 pc) in Eq. 7. Following the Cauchy-Lorentz profile, this translates into a full width of 60 pc at a level of 20% of its maximum, where 80% of the flux is enclosed. The larger extension of the Lorentz distribution succeeds in reproducing the wings seen in the integrated profile (see the bottom panel of Fig. 14) . A side effect of the large extension of the wings is that more matter accumulate also towards the centre of the shell and, as a consequence, the centre of the profile reaches a level of 50% of the peaks, while it was 42% for the Gaussian distribution. We have to note that the images have been degraded to the Herschel SPIRE 250 µm resolution, so the observed profiles are only indicating of the general behaviour of the density distribution. We verified that the degradation to a lower resolution did not change significantly the loci of the shell boundaries and maxima. In fact, examining the best resolution images currently available in Hα (see Fig. 15 , Local Group Survey, from Massey et al. 2006) shows that the envelope is composed of lots of filaments superimposed on the underlying distribution that we have modelled. In almost all the other shells, while looking at high resolution, we can distinguish various envelopes with different radii, and generally centred on the same UV stellar clusters. The ubiquity of these features could indicate that clusters of new stars trigger periodically new generations of star formation in envelopes around them, but more detailed models are needed to corroborate this hypothesis.
Electron density of clear shells and filled regions
As we have shown in the previous section that the geometry of the clear shells can be well represented by a spherical shell, we can exploit this feature in order to infer more physical conditions about the shells. For instance, as we know the length of the emission distribution, we can infer the electron density in the envelope. To do so, we selected only the five clear shells which had a good enough homogeneous and projected circular shape in order to be able to reasonably estimate the size of the emission distribution along the line of sight. The emission measure (EM) has been measured in the very centre of the clear shell, and the size of the emitting regions has been estimated by adding the two thickness of the clear shell in the outer west and east parts, and we obtain the electron density, n e , using a constant and a Cauchy-Lorentz profile. We list in Table 2 the constant electron density, n e const. , as well as the maximum of the Cauchy-Lorentz distribution of the electron density, n e max. , for five clear shells.
Unlike for the shell study, with respect to the filled regions, we do not know the size of emission distribution along the line of sight. As it is not possible to directly measure the linear size of the line of emission, we concentrated on rather filled, circular regions and add the hypothesis that the H ii region is spherical in three dimensions. Hence the full extent from west to east will Table 2 . Electron density of clear shells. The constant electron density, n e const. , as well as the maximum of the CauchyLorentz distribution of the electron density, n e max. , are shown in columns 4 and 5, respectively. Electron density upper-limits in the last column (n e spec. ) are from spectroscopic data (Magrini et al. 2007 provide us an estimation of the linear size of the emission along the line of sight. This hypothesis has already been widely used in previous studies (Magrini et al. 2007; Esteban et al. 2009 ). In Table 3 , we list the obtained electron density of 11 filled regions. The electron densities for filled and clear shell H ii regions are comparable. Nevertheless, the electron density in filled H ii regions may be two to five times higher with respect to the envelope of the shells. This may be expected in the sense that filled regions are more compact that the shells for which the large space covered may have decreased the electron density. We compared our results with works which have been carried in the literature for the same galaxy, employing different methods (using mainly spectroscopic data) and obtained consistent results. Magrini et al. (2007) obtained spectroscopically the electron density for 72 emission-line objects, including mainly H ii regions. We have 5 H ii regions in common with their work. Although they could only give upper limits for the majority of their regions, we find that our results are statistically compatible (they found that the majority of their H ii regions have n e < 10), and in particular we are able to give the electron densities for 5 regions, in agreement with the upper limits given by Magrini et al. (2007) We note that the spectroscopic values for the electron densities in the works by Magrini et al. (2007) and Esteban et al. (2009) are not directly comparable with the electron densities obtained from our photometric data. The electron density derived from spectroscopic observations corresponds to the density of the clumps within the region. Here, we derive a mean value for the electron density (r.m.s. density) for the whole envelope. Moreover, in a photometric sample of H ii regions in the galaxy NGC 1530, found mean electron densities for the shells of typically 10 cm −3 , one order of magnitude higher than the ones obtained in M 33. The difference comes from the size considered for the envelope: while we consider the full extension of the envelope, take only into account the size of the brightest filaments, 4.5 pc. The compact and clear shell regions follow the size-density relation for extragalactic H ii regions described by Hunt & Hirashita (2009) and Draine (2011) for dust H ii regions. With a diameter of the order of 100 pc and densities of the order of 1 cm −3 , the H ii regions considered in the present study are among the largest and least dense within the dynamical range displayed in the Fig. 2 of Hunt & Hirashita (2009) and in Fig. 11 of Draine (2011) . Indeed, they match more particularly the zone defined by the H ii regions of nearby galaxies studied by Kennicutt (1984) .
Discussion
H ii regions are formed of hydrogen that has been ionised by the radiation coming from the central massive stars. During their short life, massive stars are able to generate the radiation that ionise the hydrogen (Vacca et al. 1996; Martins et al. 2002) but they also emit stellar winds that interact with the gas surrounding them (Dyson 1979; Dyson & Williams 1980; Kudritzki 2002) . The effect of the stellar winds in the region is to create a cavity or shell structure, sweeping the gas around the stars with typical expansion velocities of around ∼50 km s −1 (Chu & Kennicutt 1994; . There is also evidence that the ionised shells are related to shell structures in the IR bands, which trace the emission of the dust (e.g. Watson et al. 2008; Verley et al. 2010 ) and in some cases the compression of the interstellar gas surrounding the shell can produce new star formation events called triggered star formation (McCray & Kafatos 1987; Scoville et al. 2001) . Observational evidence of triggered star formation based on data from Herschel has been recently found in Galactic H ii regions (e.g. Zavagno et al. 2010a,b) .
The mass-loss rate of the massive stars increases at ∼3 Myr and is maintained at a high rate till ∼40 Myr, when it decays very strongly (Leitherer et al. 1999) . During this time supernova explosions can occur adding more kinetic energy to the previously formed shell. In this scenario, in a young and already formed H ii region the central stars will be ionising the gas around them but their stellar winds have not had time to produce a shell of swept gas. In this case the H ii region would look like a filled knot of ionised gas emitting at Hα. After ∼3-4 Myr the bubble will be created by the stellar winds and a shell of ionised gas will expand into the ISM. The size and the expansion velocity of the shell will depend on the amount of kinetic energy provided by the central stars and the evolution will depend on the physical conditions of the ISM surrounding it. If the gas in the ISM is tenuous and the pressure is low, then the shell will be able to expand more easily and large shell structures could be created. Whitmore et al. (2011) has recently suggested a relation between the region morphology and the age of the central cluster: very young (less than a few Myr) clusters would show the Hα emission of the ionised gas coincident with the cluster stars, clusters ≈ 5 Myr would have the gas emission located in small shell structures around the stars, and in still older clusters (≈ 5-10 Myr ) the Hα emission would show even larger shell structures. If no Hα emission is associated with the cluster this should be older than ≈ 10 Myr.
We can give an estimate of the age of the clear shells based on the kinematics of the ionised gas. Using Hα Fabry-Perot spectroscopy found that the Hα emission line profiles of the H ii region populations of three late-type spiral galaxies show evidence of a shell of ionised gas expanding in the ISM with expansion velocities range from 40 to 90 km s −1
and mean values of ∼50-60 km s −1 . Assuming an expansion velocity of ∼50 km s −1 for the ionised shells and taking into account a typical radius for the observed shells of ∼200 pc (see Fig. 4 ), we derive a kinematic age for the cluster of ∼4 Myr, which agrees with the timescale provided by Whitmore et al. (2011) .
We also find evidence of a secondary generation of stars within the shells. In the top-left panel of Fig. A.1 , we see the emission distribution of Hα and FUV for one example of a clear shell: Hα tracing the boundary of the shell with the two horns of emission and a centred peak of FUV (and also NUV) corresponding to the stellar clusters. However, we also see in the right peak of Hα emission a knot of FUV (and NUV), which would correspond to the emission of new born stars within the shell. This H ii region might be old enough to have triggered star formation within the swept shell and therefore part of the shell is being ionised by this secondary generation of stars. This phenomenology is observed in 12 clear shells. Some cases are very clear while others (7 out of 12) are marginal detections. The marginal detections depend on the geometry of the clear shell, as not all the clear shells are completely spherical, and the exact location where the profiles have been extracted.
Summary and conclusions
We select 119 H ii regions in the local group spiral galaxy M 33, and classify them according to their morphology: filled, mixed, shell, and clear shell H ii regions. Using a multi-wavelength set of data, from FUV (1516 Å) to IR (SPIRE 250 µm), we study their SED, the influence of the stellar radiation field, and their intensity profiles. Here are our main conclusions:
-An analysis of the SED of each region shows that regions belonging to one group show roughly the same features. Besides, these features are different from one classified group to another, showing that the dominant physical processes vary among the different morphologies. The SED, normalised to the emission at 24 µm, shows that FIR peak for shells and clear shells seems to be located towards longer wavelengths, indicating that the dust is colder for this type of object. In the SED normalised to the FUV flux filled regions present the highest FIR fluxes, which shows that in these regions the dust is so close to the central stars that it is very efficiently heated, while shells and clear shells present less flux in this normalisation because the dust is in general distributed further away from the central stars in these regions. -The warm dust colour temperature traced by the 100 µm/70 µm ratio shows that two regimes are in place.
The filled and mixed regions show a well constrained value of the logarithmic 100 µm/70 µm ratio over one order of magnitude in Hα and FUV surface brightness, while the shells and clear shells show a wider range of values of this ratio of almost two orders of magnitude. The spatial relation between the stars and dust could have an effect in the heating mechanism of the dust in the H ii regions. -We estimate the dust mass fitting DL07 models to the SED of each individual region. We find dust masses within the range 10 2 − 10 4 M , consistent with those derived for H ii regions in other galaxies using the same models. The 250 µm/160 µm ratio, an estimator of the temperature of the cold dust, shows that shells and clear shells tend to have lower cold dust temperatures than mixed and filled regions. An estimate of the cold dust temperature for each H ii region using the same dust models gives a range of T cold ∼ 12 − 27 K for the whole sample.
-For all the wavelength bands available in this study we extract East-West and North-South profiles of each H ii region individually. For filled regions the emission at all bands occurs at the same location. On the contrary, clear shell regions generally show the two horns describing the shells. For some cases, we find evidence that current star formation takes place within the envelope (possibly due to triggered star formation processes). -Concentrating on the Hα emission, we propose that the clear shells that appear circular on the plane of the sky are the result of the line-of-sight projection of three-dimensional spherical shells. We find that the density within the envelope of the shells follows more closely a Cauchy-Lorentz distribution rather than constant or Gaussian density distributions. Nevertheless, high resolution images show that this averaged density distribution is in fact the result of lots of high and low density filamentary structures. -Knowing the real Hα structure in three dimensions allows us to measure the electron density in the clearest shells, because we are able to estimate the length of the emission distribution. From five clear shells, the mean electron density is n e = 0.7±0.3 cm −3 . The electron density in the clear shells is hence rather comparable to the one we obtained from eleven filled regions, although some filled regions could reach electron densities 2 to 5 times higher than the one found in the envelope of clear shells. As we are using photometric data, these electron density estimations are only global averages because the bright filaments within the envelope would result in higher electron densities with respect to the faintest zones in between. Nevertheless, our estimations are compatible with spectroscopic work done in the literature (Magrini et al. 2007; Esteban et al. 2009 ) for H ii regions in M 33. For clarity, the profiles are separated into three panels (top: Hα, FUV, NUV; middle: 3.6 µm, 4.5 µm, 5.8 µm, 8.0 µm; bottom: 24 µm, 70 µm, 100 µm, 160 µm, 250 µm). The small box at top-left corner in each panel shows the location of the profile overlaid on the region, the images correspond to Hα, 4.5 µm, and 250 µm for the top, middle, and bottom panels, respectively. All the profiles are normalised to their maxima. The Hα profile is depicted in grey in all the panels for reference.
